ABSTRACT This study examined the association of housing status over time with unmet physical health care needs and emergency department utilization among homeless and vulnerably housed persons in Canada. Homeless and vulnerably housed individuals completed interviewer-administered surveys on housing, unmet physical health care needs, health care utilization, sociodemographic characteristics, substance use, and health conditions at baseline and annually for 4 years. Generalized logistic mixed effects regression models examined the association of residential stability with unmet physical health care needs and emergency department utilization, adjusting for potential confounders. Participants were from Vancouver (n = 387), Toronto (n = 390), and Ottawa (n = 396). Residential stability was associated with lower odds of having unmet physical health needs (adjusted odds ratio (AOR), 0.82; 95 % confidence interval (CI), 0.67, 0.98) and emergency department utilization (AOR, 0.74; 95 % CI, 0.62, 0.88) over the 4-year follow-up period, after adjusting for potential confounders. Residential stability is associated with fewer unmet physical health care needs and lower emergency department utilization among homeless and vulnerably housed individuals. These findings highlight the need to address access to stable housing as a significant determinant of health disparities.
INTRODUCTION
Homeless and vulnerably housed individuals in high income countries bear a high burden of chronic illness, even in countries with publically funded health care services. In major urban centers, this population experiences higher mortality rates than individuals with stable housing. 1 Medical comorbidities including hypertension, arthritis and other musculoskeletal disorders, obstructive lung disease, tuberculosis, respiratory tract infections, human immunodeficiency virus, hepatitis, peripheral vascular disease, and digestive tract disease are common in this population. 2 Rates of many of these chronic illnesses and infectious diseases are higher in homeless individuals than age-and gender-matched controls with stable housing. 3 Nearly 30 % of homeless or vulnerably housed individuals suffer from at least two medical conditions, and this number doubles among individuals over 50 years of age. 2 Poor dental health, visual impairment, exposure-related skin diseases, nutritional deficiency, and trauma are also common. 4, 5 In addition to a high prevalence of chronic disease, homeless and vulnerably housed individuals often experience poorer disease-specific outcomes. For example, among persons living with HIV on antiretroviral therapy, homelessness has been associated with lower rates of HIV virologic suppression, which is mediated by lower levels of antiretroviral adherence. 6 Mental health comorbidities, including substance use disorders, depression, anxiety, and posttraumatic stress disorder, are highly prevalent among homeless and vulnerably housed individuals. 2 Prevalence of substance use has been found to be 50-85 % among homeless individuals 2, 7 and prevalence of mental health comorbidities has been reported to be as high as 93 % in some urban centers. 8 Substance use has been found to be a risk factor for both mortality and unmet care needs in this population. 7 Despite high prevalence of chronic physical and mental health comorbidities, homeless and vulnerably housed individuals often experience gaps between care needed and care accessed. 9 Approximately half of homeless individuals report unmet medical care needs. 10 In one study, fewer than half of homeless individuals surveyed had a family physician and the odds of having a family physician declined with increased time spent homeless. 11 A meta-analysis of four national surveys in the USA found worsening housing instability to be associated with postponing needed health care or medication use. 12 Predictors of unmet medical care needs include substance use disorders, depression, food insecurity, visual impairment, lack of health insurance, and experiences of violence. 13, 14 Reported barriers to receiving care for homeless and vulnerably housed individuals include prejudice and stigma, wait times and limited after-hour services, lack of health insurance, cost of medications, transportation limitations, stress associated with shelter life, and being poorly connected to social services. 8, 15, 16 Although ambulatory care is underutilized by homeless and vulnerably housed individuals, higher emergency department and inpatient hospital utilization have been described for this population. 1, 12, 17 Predictors of emergency department utilization include mood disorders, psychosis, suicide risk, anxiety disorders, and intimate partner violence. 18, 19 Unmet physical health care needs and high rates of emergency department utilization are both frequently observed among homeless and vulnerably housed individuals; however, few studies have explored the effect of residential stability on these markers of health care utilization. This study therefore sought to examine the effect of residential stability among homeless and vulnerably housed individuals on reducing unmet physical health care needs and emergency department utilization using 4 years of longitudinal data from the health and housing in transition study.
METHODS
The health and housing in transition (HHiT) study was a prospective cohort study of homeless and vulnerably housed single adults in the Canadian cities of Vancouver, Toronto, and Ottawa. The design of the study has been previously described in detail. 20 
Participants and Recruitment
Between January and December 2009, 1190 single adults (18 years or older) were enrolled, of whom 595 were homeless and 595 were vulnerably housed. Homelessness was defined as not living in one's own home within the last week and living in a shelter, public space, vehicle, abandoned building, or someone else's home. Vulnerably housed status was defined as living in one's own room, apartment, or place, but having two or more moves over the past year. Recruitment of homeless adults occurred at shelters and meal programs using sampling methods designed for this population. 21 Vulnerably housed individuals were recruited at rooming houses, single room occupancy hotels, which reflect the lowest income housing stock in each of the cities as well as at meal programs. All study participants provided informed consent and were reimbursed $20 CDN for each interview. The Research Ethics Boards at St. Michael's Hospital, the University of Ottawa, and the University of British Columbia approved this study.
Survey Instrument
Full details of all survey instruments used in the HHiT study have been published elsewhere. 20 Immediately following recruitment and informed consent, trained research personnel conducted structured, in-person interviews. Data were collected on housing history using The Residential Time-Line Follow-Back Inventory. 22 Additional information was collected on sociodemographic characteristics (age, gender, race/cultural group), lifetime duration of homelessness (months prior to baseline), lifetime prevalence of mental health diagnoses (at baseline) and chronic health conditions. Chronic health conditions were those which were diagnosed by a health professional and had persisted or were expected to persist for at least 6 months. The number of identified chronic health conditions was categorized at baseline (0, 1, 2, and ≥3). Chronic health conditions included hypertension, heart disease, obstructive lung disease, cirrhosis, chronic diarrhea, viral hepatitis, peptic or duodenal ulcers, urinary incontinence, inflammatory bowel disease, arthritis, physical disabilities limiting mobility, human immunodeficiency virus, tuberculosis or exposure to tuberculosis, epilepsy, fetal alcohol syndrome, migraines, traumatic brain injury, stroke, glaucoma, cataracts, hearing impairment, cancer, diabetes, anemia, and dermatologic conditions. Participants were also asked if they had a primary care provider in the previous 12 months, employment (Did you work in past 12 months? Are you currently working?), and incarceration history (past 12 months). We also used the ten-item Drug Abuse Screening Test (DAST-10) 23 to screen for illicit drug use (positive screen ≥3) and defined problematic drug as a DAST-10 score ≥6, which would merit intensive assessment. 24 The DAST-10 asks individuals about behaviors related to the use of non-medical drugs as well as prescription and over-the-counter medication use in excess to the recommended amount. The DAST-10 does not specify individual drugs but clarifies that it does not pertain to behaviors related to alcohol and tobacco use. The Alcohol Use Disorders Identification Test (AUDIT), 25 a ten-item questionnaire, was used to screen for alcohol use disorder (positive screen ≥8), and we defined problematic alcohol use as an AUDIT score of ≥20. 26 These instruments have been validated for use in previous studies of vulnerable populations. 25, 27 Problematic substance use was defined as having an AUDIT score of ≥20 and/or a DAST-10 score of ≥6. Interviews took approximately 60 to 90 minutes to complete. In this study, we report the findings from baseline and four subsequent annual follow-up interviews.
Main Explanatory Variables
We classified the housing history data based on methods adapted from Tsemberis et al. 22 Each residence in a participant's housing history was classified into 1 of 25 types of residence, which were then classified into one of three mutually exclusive residence categories: housed, institution, and homeless. Individuals were considered homeless if they were living with friends or family and not paying rent, or lived in a homeless shelter, on the streets or at a campground. Periods of time spent in institutions were considered periods of being homeless or housed based on a functional classification previously described. 28 Participants were considered to have achieved residential stability at each follow-up interview if they were housed and had been living in the same location for 6 months or more.
Outcome Variables
We defined unmet physical health care needs as responding yes to the question: BDuring the past 12 months, was there ever a time when you felt that you needed health care but you didn't receive it?^This question was based on the definition of unmet health care needs used in other national surveys including the Health Care for the Homeless User Survey, 14 the Joint Canada/US Survey of Health, 29 and the National Population Health Survey. 30 It has also been previously used to assess unmet health care needs among homeless adults. 14, 31 Emergency department (ED) use was defined as receiving health care from a hospital emergency room in the past 12 months. We also asked about the number of times they used the ED in the past 12 months. Adults who experience homelessness are quite accurate reporters of their use of health care, especially for ED visits and hospital admission. Documented sensitivity and specificity of self-report for ED utilization are 80 and 83 %, respectively, in this population when compared with a reference standard of health administrative data. 32 
Statistical Analysis
Comparisons were made using the chi-square test or Fisher exact test (where appropriate) for categorical variables and one-way ANOVA for continuous variables. For missing data (i.e., participant did not know or refused to answer), the denominators were adjusted accordingly. We excluded 17 transgender participants whose small count would not allow for adjusted analysis by transgender identity. We used a generalized logistic mixed effects regression model to examine the association between residential stability at each follow-up interview and unmet physical health care needs during the prior 12 months where the clusters were the multiple observations collected per participant. We adjusted for the following potential confounding factors, assessed only at baseline, as fixed effects: gender, age, self-identified racial/cultural group, lifetime duration of homelessness, city of recruitment, number of chronic health conditions, and having ever been diagnosed with a mental health problem. We also considered being born in Canada and having children as covariates, but they were not significant independent predictors of ED utilization and were excluded from the final model so that model parsimony could be optimized. We also adjusted for a discrete categorical time-point variable since responses were obtained at each follow-up interview point (years 1, 2, 3, and 4). The following variables were entered as time-varying covariates: problematic substance use, employment, incarceration, and having a primary care provider. We also used generalized logistic mixed effects regression model to explore the association of residential stability with ED use during the prior 12 months at each follow-up interview, adjusting for the same fixed and time-varying variables as the first multivariable model. Unmet Physical Health Care Needs At the baseline interview, the proportions of participants in Vancouver who did and did not attain residential stability reporting unmet physical care needs were 43.3 and 40.6 %, respectively. For participants in Toronto, the proportions were 26.7 and 37.0 %, respectively, and for participants in Ottawa, the proportions were 32.7 and 38.6 %, respectively. Over the 4-year follow-up period, the proportion of participants reporting unmet physical health care needs declined for participants in all three cities among participants who did and did not attain residential stability (Fig. 1) . However, there was an increment in unmet physical health care needs reported among participants in Ottawa who did not attain residential stability between follow-up years 3 and 4. A total of 729 participants had non-missing values at baseline and all four followup interviews. Of these, 83 (11.4 %) never attained residential stability, 108 (14.8 %) experienced residential stability at one time point, 152 (20.9 %) experienced residential stability at two time points, 178 (24.4 %) experienced residential stability at three time points, 161 (22.1 %) experienced residential stability at four time points, and 47 (6.4 %) always had residential stability. The relative reduction in the proportion reporting unmet physical health care needs was greatest among participants who always had residential stability (Fig. 2) .
In the bivariate analyses, residential stability (odds ratio (OR), 0.75; 95 % confidence interval (95 % CI), 0.63, 0.90) and having a primary care provider were significantly associated with a lower odds of having unmet physical health needs over time (Table 2) . Lifetime history of a mental health problem, having at least three chronic health conditions, having problematic substance use, and incarceration history in the past 12 months were associated with higher odds of having unmet physical health care needs over time. After adjustment for age, gender, race/cultural group, having ever been diagnosed with a mental health problem, having at least three chronic medical conditions, lifetime duration of homelessness, problematic substance use, employment, incarceration history, having a primary health provider, time point, and city of recruitment, residential stability was still significantly associated (adjusted OR, 0.82; 95 % CI, 0.67, 0.98) with lower odds of having unmet physical health care needs. Lifetime history of a mental health problem, having at least three chronic health conditions, having problematic substance use, and incarceration history in the past 12 months remained significant predictors of having unmet physical health care needs in the multivariable model (Table 2) . 
Emergency Department Utilization
At the baseline interview, the proportions of participants in Vancouver who did and did not attain residential stability who received emergency department care in the past 12 months were similar (58.2 and 58.0 %, respectively). For participants in Toronto, the proportions were 57.6 and 51.5 %, respectively, and for participants in Ottawa, the proportions were 49.1 and 54.5 %, respectively (Fig. 3) . Over the 4-year follow-up period, the proportion of participants receiving care in the emergency department decreased among participants who did attain residential stability in all three cities and also among participants from Ottawa who did not attain residential stability (Fig. 3) . However, among participants who did not attain residential stability in Vancouver and Toronto, no significant decline in emergency department utilization was observed. At baseline, 529 (45.2 %), 223 (19.0 %), 202 (17.3 %), 68 (5.8 %), and 149 (12.7 %) participants reported 0, 1, 2, 3, and more than 3 emergency department visits in the preceding 12 months, respectively. Over the 4-year follow-up period, the proportion of participants reporting three and more than three emergency department visits declined over time and were 42 (4.8 %) and 68 (7.7 %) at the 4-year follow-up, respectively (Table 3) .
In the bivariate models, residential stability (OR, 0.69; 95 % CI, 0.59, 0.81), age, and time point were significantly associated with a lower odds of emergency department utilization within the last 12 months (Table 4) . Lifetime history of mental health problems, having ≥3 chronic health conditions, problematic substance use, incarceration within the last 12 months, and having a primary health provider were associated with increased odds of emergency department utilization within the last 12 months.
After adjustment for age, gender, race/cultural group, lifetime history of mental health problems, having ≥3 chronic medical conditions, lifetime duration of homelessness, problematic substance use, employment, incarceration, having a primary health provider, time point, and city of recruitment, residential stability was still significantly associated (adjusted OR, 0.74; 95 % CI, 0.62, 0.88) with lower odds of emergency department utilization within the last 12 months (Table 4 ). In the adjusted model, age and time point remained significant negative predictors of emergency department utilization in the past 12 months. Lifetime history of mental health problems, having ≥3 chronic health conditions, problematic substance use, incarceration within the past 12 months, and having a primary health provider remained significant positive predictors of emergency department utilization within the past 12 months.
DISCUSSION
In this study, we found that residential stability was associated with both a reduced risk of having unmet physical health care needs and a decrease in emergency These findings are consistent with literature describing an association between housing instability and unmet physical health care needs. Kushel et al. found that housing instability was independently associated with postponing needed medical care and medications. 17 In Washington State, USA, individuals with insecure housing have reported poorer health status and delaying physician visits due to financial concerns. 33 Findings from this study suggest that even when health insurance makes primary care services available, housing insecurity is associated with discrepancies in health care utilization patterns. Although the association between housing instability and unmet physical health care needs has been well documented, most prior studies have been cross-sectional in design. This longitudinal study is unique in that it demonstrates strong associations in a large, multi-city sample that are robust over time.
An analysis of health care utilization data in Toronto, Canada, which has a universal health insurance system, found homeless individuals to have significantly higher rates of emergency department utilization and hospital admission compared with low-income-matched controls. 34 Similarly, an analysis of the Veterans Affairs administrative database found that homeless veterans had four times higher odds of using the emergency department than non-homeless veterans. 35 These studies suggest that even when homeless individuals have free access to primary care services, emergency department utilization is higher. This may be due to additional barriers to primary health care access, such as transportation barriers and stigma; however, more research is needed to better understand causes for increased emergency department utilization among homeless and vulnerable housed individuals. Flexible models of low-barrier delivery of interdisciplinary primary health care services such as community outreach, after-hour clinics should be further explored.
Our findings are consistent with existing literature that has described increased emergency department utilization among vulnerably housed individuals. Residential instability, and in particular, shelter use, has been associated with increased reliance on emergency department services to meet the healthcare needs of women of low socioeconomic status in New York, USA. 36 A recent systematic review of housing status and health outcomes among people living with HIV found that housing instability was strongly correlated to acute care utilization, including both hospitalbased emergency department care and inpatient care. In addition, an apparent dose effect was observed with increased rates of acute care utilization with increasing degree of housing instability. 37 Similarly, less stable housing among homeless and vulnerably housed individuals has been associated with increased emergency department utilization. 38 Interestingly, in this observational cohort, participants experienced fewer unmet physical health care needs and had decreased emergency department use over time. This may in part be due to attrition bias whereby participants with more active health problems may have been more likely to be lost to follow-up.
These findings have supported the existing literature by recognizing housing instability as a determinant of health that affects both unmet physical health care needs and emergency department utilization. This highlights the need to improve access to stable and affordable housing, particularly for individuals with many medical and mental health comorbidities. Housing first strategies, which provide immediate access to independent housing along with mental health supports for people with mental health comorbidities, have been demonstrated to improve housing stability in several Canadian urban settings. 39 Implementation of expanded housing first programs should be considered an evidence-based strategy to address housing insecurity as a determinant of health. However, studies on supportive housing programs have had conflicting results in their impact on decreasing emergency department utilization and cost efficacy. 40, 41 Many housing intervention studies have been underpowered, and longer duration of follow-up may be required to detect significant differences.
In addition, lower rates of emergency department utilization were observed in Ottawa compared with Toronto. These cities have a similar climate and health care is provided through the same provincial single-payer system. Differences in service delivery and accessibility in these two cities may account for this observed difference in emergency department utilization and warrants further exploration.
Limitations of this study are that it only focused on unmet physical health care needs and emergency department utilization as outcomes. A more holistic model of health and wellness for homeless and vulnerably housed individuals, including mental health and quality-of-life outcomes, may identify further benefits of housing stability. In addition, future studies should further evaluate predictors of residential stability to identify supportive factors that may enable individuals to achieve residential stability.
An additional limitation is the use of self-report for the outcome of unmet physical health need. This outcome has been widely used and is likely to accurately represent perceived health status, but future studies including linkage to health administrative data could correlate this measure with hospitalization for preventable and ambulatory-sensitive conditions. Other self-reported measures of health status have been found to be robust predictors of health care utilization and can be even stronger predictors than validated comorbidity indices. 42 Strengths of this study include sampling from three major Canadian cities, which differ in their geographic region, available services, and climate, allowing for increased generalizability of the findings. Additional strengths are the large sample size of homeless and vulnerably housed individuals, the longitudinal follow-up over 4 years, the use of time-varying covariates, and an attrition rate of less than 25 % over 4 years.
In conclusion, residential stability is associated with fewer unmet physical health care needs and lower emergency department utilization among homeless and vulnerably housed individuals. Strategies to improve the health of homeless and vulnerably housed individuals need to address access to stable housing as a significant determinant of underlying health disparities. Improved provision of supportive housing services, increased availability of affordable housing, and better integration of health and housing services may be helpful in facilitating residential stability among homeless and vulnerable housed individuals, and this may translate into improved health care utilization for this population.
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